Context: Langerhans cell histiocytosis (LCH) is a rare disease of unknown etiology with a strong evidence of immunological dysfunction secondary to cytokine dysregulation.
L
angerhans cell (LC) histiocytosis (LCH) is a rare disease of unknown etiology that can involve a single or multiple systems (1) . LCH exhibits a rather unpredictable clinical course because it can spontaneously resolve or progress to a disseminated form, compromising vital functions with occasionally fatal consequences (1). LCH is rare in adults, and although the true incidence is unknown, the estimated annual incidence is considered to be 1 case per 560,000 inhabitants; it is regarded as an "orphan disease" due to its rarity and the paucity of dedicated physicians dealing with different disease manifestations (2, 3) . Although LCH is a clonal disorder with an obscure pathogenesis, it exhibits features of an inflammatory disorder, and cytokines are considered important for both the migration and homing of LC and for the localized and systemic pathology of the disease (4, 5) .
One of the features presenting most frequently in adults is skeletal involvement, which occurs in approximately 40% of patients, mainly in the form of osteolytic lesions (3) . It has recently been shown that adults with active disease have lower bone mineral density (6) . It was suggested that this could occur either as a consequence of the disease or from previously administered treatment, particularly chemotherapy, that was specifically associated with reduced bone turnover (6) . At the cellular level, osteoclast-like multinucleated giant cells are present both at bone and at nonostotic lesions and can be activated by macrophage-colony stimulating factor (M-CSF) and receptor activator of nuclear factor B ligand (RANKL) expressed on LCH cells or T cells (7) . Although serum RANKL/osteoprotegerin (OPG) ratios have been shown to represent markers of osteolytic activity in children with LCH (5), this has not been studied in adult LCH patients. Dickkopf-1 (Dkk-1) is an inhibitor of the Wnt signaling pathway and may lead to bone resorption through an enhanced osteoblast-dependent osteoclastogenesis, by upregulating RANKL and/or down-regulating OPG (8) . However, to date it has never been measured in patients with LCH.
In the present study, we opted to test the hypothesis that serum RANKL, OPG, and Dkk-1 levels could be affected in adults at various LCH disease activity, particularly in patients with osseous disease. We thus evaluated these markers in the same adult group that was found to have reduced bone mineral density (6) .
Patients and Methods
In this cross-sectional study, 25 patients with LCH (13 males) aged 37.08 Ϯ 2.74 yr (range, 20 -68 yr), with a body mass index (BMI) of 25.6 Ϯ 1.06 kg/m 2 , were recruited following strict inclusion criteria regarding confounding parameters (metabolic bone disorders, malignant diseases, impaired renal function), as previously described (6) . The mean duration of the disease was 12.2 Ϯ 2.11 yr (range, 0.1-40 yr; total follow-up, 305.15 yr). Nineteen patients had multisystem disease (seven active and 12 inactive) and six had single system disease (solely bone involvement; four active and two inactive). Multisystem involvement included bones (n ϭ 13), lungs (n ϭ 13), pituitary (n ϭ 14), skin (n ϭ 9), lymph nodes (n ϭ 5), gingiva (n ϭ 3), central nervous system (n ϭ 2), ear (n ϭ 2), genitalia (n ϭ 2), liver (n ϭ 1), and thyroid (n ϭ 1). Nineteen patients had bone involvement either within the context of multisystem involvement (n ϭ 13) or singlesystem disease (n ϭ 6). Fourteen patients were receiving or had received at least one course of chemotherapy for LCH before the evaluation. Thirteen patients had received steroids for at least one period of time during the course of their disease (mean total exposure to steroids, 8.3 Ϯ 0.84 months; range, 4 -16 months). Eleven of the 13 patients with a history of previous treatment with steroids had also received chemotherapy. Five patients, were currently receiving bisphosphonates (three alendronate, one risedronate, one zoledronate) for osteoporosis and/or the disease itself, and one had received alendronate up to 4 yr before evaluation.
Fifty healthy subjects (27 males) matched for age (mean, 37.4 Ϯ 1.9 yr; range, 20 -71 yr) and BMI (26.2 Ϯ 0.8 kg/m 2 ) participated as controls. Controls were not receiving any medication known to affect bone metabolism.
Early morning fasting blood samples were collected from all subjects. RANKL, OPG, and Dkk-1 were measured with commercial ELISA kits (Biomedica Medizinprodukte GmbH and Co. KG, Wien, Austria) on samples stored at Ϫ80 C. PTH was also measured in patients who had 25-hydroxyvitamin D of 50 nmol/liter or less for the exclusion of possible secondary hyperparathyroidism.
The study has been approved by the local institutional committee and is in accordance with the guidelines of the Declaration of Helsinki; informed consent was obtained from all subjects.
Results
Serum OPG levels were significantly higher, whereas the RANKL/OPG ratio was significantly lower in patients with LCH compared with controls. There were no differences in serum RANKL and DKK1 levels among the two groups (Table 1) . Similar results were obtained when LCH patients with bone involvement were compared with their matched controls (OPG patients 3.1 Ϯ 0.2 vs. controls 1.7 Ϯ 0.2 pmol/liter; P Ͻ 0.001; RANKL/OPG ratio, patients 0.448 Ϯ 0.092 vs. controls 0.482 Ϯ 0.087; P ϭ 0.024). Although unadjusted RANKL levels were nonsignificantly lower in patients than controls (Table 1) , in logistic regression analysis ( 
Discussion
In this study, it was demonstrated that adult patients with LCH have higher serum OPG and lower serum RANKL levels than controls after adjustment for age, gender, and BMI. Dkk-1 levels were not different between patients and controls. In addition, it was shown that serum OPG, RANKL, and Dkk-1 levels and RANKL/OPG ratio of LCH patients do not appear to correlate with disease activity, extent, duration, and/or treatment received.
LC is one of the most efficient presenters of antigens, but LC in LCH are immature, proliferating at a moderate rate, and presenting antigens poorly (9, 10). It is considered that the clinical manifestations in LCH result from immunological dysfunction secondary to a "cytokine storm" taking place within the lesions (4). Relevant cytokines, both at the lesional and systemic level, are granulocyte M-CSF, interferon-␥, IL-1, IL-10, TNF-␣, soluble IL-2 receptor, RANKL, OPG, and IL-17 (4, 5, 11) . More specifically, the implication of RANKL and OPG in the pathogenesis and course of LCH has been recently evaluated. M-CSF and RANKL expressed on LCH cells or T cells are able to activate osteoclast-like multinucleated giant cells at both osseous and nonosseous lesions (7). In addition, serum RANKL/OPG ratio was positively correlated with the overall osteolytic activity among children with active disease (5) . Based on these findings, it seems reasonable to assume that serum RANKL and OPG levels may be altered among LCH patients due to either the disease itself or LCH-induced changes in bone metabolism.
Since the development of OPG and RANKL assays, there has been considerable interest regarding their use as markers of metabolic bone diseases and neoplastic disorders. However, it is quite possible that potential changes at the cellular level cannot always promote a reciprocal alteration in serum levels (12) . Specifically, serum OPG and RANKL may not reflect their levels and activity in the bone microenvironment because only a small amount may reach the systemic circulation, whereas part of the serum OPG and RANKL concentrations may originate from nonskeletal sources (13) . In addition, serum RANKL reflects only a small part of its total production because the majority is cell-bound and can be only assessed in vivo by flow cytometry after bone biopsy (14) . Moreover, the current commercially available assays for OPG cannot exclusively detect the biologically active dimeric form because they have been designed to detect all forms of OPG (monomer, dimer, RANKL/OPG complex) (15) .
In our study, we found high serum levels of OPG among LCH patients with or without bone involvement, whereas low levels of serum RANKL were independently associated with the disease. A plausible explanation for these findings could be a shift of circulating RANKL to LCH lesions with a concomitant increase in cell-bound concentrations, whereas OPG, acting as a circulating decoy receptor, could be compensatorily increased in a self-defense manner. Because high OPG levels have previously been reported in children with LCH, it was suggested that serum OPG may operate as a protective mechanism, acting as a decoy receptor for TNF-related apoptosis-inducing ligand (5) . Although the hypothesis of the increased cell-bound RANKL and the compensatory increment of OPG seems more reasonable from a pathophysiological point of view, future studies determining the exact role of RANKL in LCH biology are urgently needed. If the latter hypothesis is proved, it may have therapeutic implications because denosumab, a human antibody against RANKL, is currently available and already being used in the treatment of osteoporosis (16) . Based on this hypothesis, such a treatment could potentially be used to target lesional cell-bound RANKL.
Serum levels of Dkk-1 are assumed to reflect its expression in bone microenvironment, and serum Dkk-1 levels can be used as predictors of the extent of bone disease in patients with multiple myeloma, breast cancer, and thalassemia (17) (18) (19) . Additionally, Dkk-1 production by multiple myeloma cells was regarded as a contributing factor to the reduced bone formation within the lytic bone lesions (20). We found no difference in Dkk-1 levels between LCH patients and controls or any correlations between Dkk-1 and RANKL and/or OPG levels. According to our results, Dkk-1 is neither implicated in the pathogenesis of LCH nor related to alterations of the RANKL and OPG levels during the evolution of bone lesions. Our study has several limitations, with the first being the small number of patients enrolled. However, large numbers of patients cannot be easily accrued from a single center in a disease that has such a low prevalence. Because LCH exerts periods of relapses and remissions, it is very difficult to define whether the disease is active or not, especially in the absence of severe symptoms or signs. Specifically, the inclusion of patients with subclinical disease in our cohort can potentially explain the absence of differences between serum RANKL and OPG levels between patients with active and inactive disease. Finally, the results of chemotherapy cannot be easily interpreted in patients receiving different kinds of treatment and at different time intervals before the evaluation.
In conclusion, increased adjusted serum OPG and decreased adjusted serum RANKL levels were observed in adult LCH patients irrespective of the disease's activity, extent, duration, and/or treatment applied. ⌻his could represent a compensatory mechanism that increases the circulating decoy receptor (OPG) against the lesional accrual of cell-bound RANKL. LCH has no effect in serum Dkk-1 levels at any stage of the disease.
